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SUMDMARY

In this report fests are described in which the distribution of pressures over models of the wings
of the PW-9 airplane was inrestigated. The wing models were tested individually and in the
biplane combination. The investigation was conducted in the atmospheric wind tunnel of the
National Advisory Commitiee for Aeronautics. It is concluded in this paper that the effect of
biplane inferference on the pressures on the wings is praciically confined to the lower surface of the
upper wing and the upper surface of the lower wing; that the overhanging portion of the upper wing
s not greatly affected by the presence of the lower wing; and thai a slight washin at the center seciion
of the upper wing satisfactorily compensates for a reduced chord at this section (providing the air-
foil section is not mutilated) and prevents a large reduction in the normal force orer this portion
of the wing.

INTRODUCTION

At the request of the Army Air Corps, the distribution of pressures over the wings and
the tail surfaces of a modern pursuit airplane (PW-9) is being investigated by the National
Advisory Committee for Aeronautics. In order to study some of the phases of the problem
which can not be undertaken in flight and to further correlate the results of wind tunnel and
flicht tests, pressure distribution tests have been made in the atmospheric wind tunnel on
models of the wings of the PW-9. The models were tested individually and together in the
mutual relation they have in the airplane.

In this paper the results of the model tests are presented and discussed.

TESTS

The wings of the PW-0 airplane are of the Géttingen 436 airfoil section throughout
(fig. 1). The details of the models and the arrangement of the cellule are illustrated by Figure
2. The most unusual features of the cellule are the difference between the plan forms of the
two wings and the washin of the center section of the upper wing.

Half span, laminated wooden models with inlaid pressure tubes, similar to those used
in previous pressure distribution tests (reference 1) were employed in this investigation (fig. 3).
The effect of the missing half span was reproduced by the use of a reflecting plane (fig. 4).

A new liquid multiple manometer (fig. 5) which has 117 tubes of approximately 15 inches
clear height, was developed for and used in these tests. A photographic record obtained
with this manometer is reproduced as Figure 6.

Static and dynamic pressure surveys were made two chord lengths ahead of the models
(fig. 7). The integrated means of the survey values were used as a reference static pressure
and the effective dynamic pressure, respectively.

The tests, which were made at approximately 30 meters per second air stream velocity,
covered the range from —6 degrees through +24 degrees angle of attack.
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Fi¢. 1.—Gottingen 436 airfoil section
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F16, 2.—Plan and front elevation of PW-9 wing models
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F16. 3.—PVW-~9¢ pressure distribution wing models
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. F1c. 6.—Reduced photograph of a manometer record
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RESULTS _

The results of the tests are presented in Figures 8 through 14. Five forms of representa-
tion are used, namely, pressure diagrams for the test sections, curves of normal force vs. span,
normal force coefficient vs. span, normal force coefficient vs. angle of attack, and plots of
centers of pressure on plan-view drawings of the wings. In each case the results of the tests
of the wings in the biplane combination are compared with those of tesis of the individual
airfoils.

The diagrams of Figures 8 and 9 illustrate the variation of pressure along the test section
chords. The pressures are given in terms of the dynamie pressure, g=%2 -

The distribution of the normal force along

the span is illustrated by Figure 10. The g

ordinates of these curves represent the magni- }
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Figure 11 illustrates the variation of the
normal force coefficient (Cyr) across the span.
Cyr is usually defined as normal force divided
by ¢ XS but this may be transformed into
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It will be seen that Cyr may, therefore, be in- Distance cbove reflecting plane, iches

terpreted as the ratio of the average normeal ro 7—pynamic pressure surveys. (Average dymamie head
pressure along a chord to the dynamic pressure. 6.805 c. mm.)

Curves of normal force coefficient vs. angle of attack for each of the wings are presented
in Figure 12. Similar curves for the entire cellule appear in Figure 13.

Curves showing the variation of the positions of centers of pressure along the spans of the
wings are presented in Figure 14. The lateral positions of the centers of pressure are indicated.

DISCUSSION

In Figures 8 and 9 the effect of combining the wings to form the biplane can be seen in
the change of pressures. The greatest change appears on the interior surfaces of the combi-
nation, 1. e., the lower surface of the upper wing and the upper surface of the lower wing. The
positive pressures on the lower surface of the upper wing and the negative pressures on the
upper surface of the lower wing are reduced. It appears that the increased pressure below
the upper wing partially neutralizes, and is neutralized by, the reduced pressure above the
lower wing.

There is a small but consistent reduction of the pressures on the whole upper wing. The
reverse is true of the lower wing. This may be explained as a result of placing the upper wing
in the region of increased velocity and reduced static pressure which exists above the lower
wing. Then by similar reasoning the lower wing is in a region of reduced velocity and increased
static pressure.
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In Figure 10 it can be seen that, although the normal forces are not equal for the same
angles of attack, their distribution along the span is not greatly affected. The upper wing
with its less influenced overhanging portion has a somewhat more uniform distribution in the
biplane combination. The distributions along the span of the lower wing are similar.

The washout of the center section of the upper wing serves to prevent a large reduction in
the load per unit span over the section in which the chord is reduced. Although the chord is
but 87 per cent of the maximum chord, the washout of but 134 degrees is sufficient.

The curves of Figure 11 show that, with the exception of the tips, the normal force varies
along the span in practically the same manner that the chords vary. At 18 degrees angle of
attack the flow has begun to burble and the normal force distribution has become irregular.

The maximum ordinates of the curves for the upper wing in Figure 12 occur at practically
the same angles of attack. The effect of reduction of pressure on the lower surface of the
upper wing of the biplane is apparent. The air flow over the upper surface of the upper wing,
being practically uninfluenced by the lower wing, breaks away at the same angle of attack
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whether the wing is in the biplane combination or by itself. The maximum normal force on
the lower wing occurs at & much greater angle of attack when the wing is in the biplane combina-
tion. . The air flow over the upper surface of the lower biplane wing is restricted by the upper
wing and the burbling delayed. The maximum normal force on the lower wing of the biplane
is slightly greater than the maximum normal force on the same wing as a monoplane. The
normal force on the lower wing of the biplane does not break down suddenly.

The slope of the curve of normal-force coefficient vs. angle of attack (fig. 13) for the complete
biplane cellule is less than would be obtained by a summation of the results of the individual
monoplane tests. The maximum normal force is also less than that derived from the mono-
plane tests. -

At large angles of attack the centers of pressure are farther forward on both wings of the
biplane than they are when the wings are not in combination (fig. 14). At small angles of attack
the upper wing appears to be but little influenced, whereas the lower wing has its centers of pres-
sure farther to the rear.

The lateral position of the center of pressure is but little affected at small angles, but at
large angles of attack is ehanged considerably. On the lower wing it is moved inward. The
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biplane interference on the inner portion of the upper wing and the relatively small'influence
on the overhanging tip shift the lateral position of the center of pressure outward a considerable

amount. .
CONCLUSIONS

The conclusions of this paper may be summarized as follows:

1. The effect of the biplane interference on the pressures on the individual wings is almost
entirely restricted to thelower surface of the upper wing and the upper surface of the lower wing.

2. The distribution of the normal force along the span of the individual biplane wings is
not greatly different from that along the span of the same wings when tested individually.
That variation which is apparent is caused by the fact that the overhanging tip of the upper
wing is relatively little influenced.

3. The washin of the center section of the upper wing, where the chord is reduced, prevents
a large reduction of the normal foree across this portion of the wing, providing the airfoil section
is not mutilated.

4. The upper wing of the biplane burbles at the same angle of atiack at which it burbles
when tested individually. The burble of the lower wing of the biplane oceurs at an increased
angle of attack relative to that at which it burbles when tested as a monoplane.

5. The overhanging tip of the upper wing causes the lateral center of pressure to be farther
out along the span than it is when the wing is tested as a monoplane. At large angles of attack
the centers of pressure are moved forward by the biplane interference.

Langrey MeMORIAL AERONAUTICAL LABORATORY,
Nariovan Apvisory COMMITTEE FOR AERONATTICS,
Laxcerey Frewp, Va., Aprid 7, 1927,
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